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(71) We, W. L. GORE & ASSOCIATES, 
INC, a Corporation organised and existing 
under the laws of the State of Delaware^ 
United States of America, of 555, Paper 
Mill Road, Newark, Delaware, 19711, Untod 
States of America, do hereby dedaie the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be perfor me d, to be particularly des- 
cribed in and by the following statement;— > 
This invention relates to tubular flexible 
instruments for insertion into a body cavity* 
In many nngfcil or diagnostic procedures 
it is necessary that a tubular instrument be 
placed within a body cavity. This instrument 
nplishes a variety of purposes Includ- 



ing the injection of fluids into the body or 
the withdrawal of fluids therefrom. Common 
examples of these types o£ instruments axe 
catheters and infusion cannula tubes. 

Catheter tubes in operation are inserted 
in the tortuous conduits of the body vessels 
(e£ blood vessels) for several deca centi- 
meters. The catheter tubing, therefore, is 
requited to have the appropriate degree of 
stiffness to ensure a tttnooni insertion com* 
trined with the necessaty flexibility to allow 
its advance along the tortuous vessels without 
impairing the wills. Other important require- 
ments for catheter tubes include dimensional 
stability, chemical and biological inertness 
and surface nnoothness* These requirements 
■poly equally m blood vessel catheters, urethra 
catheters and infusion cannula tubes. 

Conventional tubular fnprifcal instruments 
for these purposes are made of rather stiff 
plastics 811% ns polyethylene or nylon. Con- 
ventional infusion *armnia tubing is about 12 
or 13 cm in length and has an outside dia- 
meter (OJX) of about 1*5 mm whh an inside 
diameter (LDJ of about 0,8 mm. These tubes 
are fitted at one end with an adapter through 
Which a liquid medicine may be injected into» 
or a liquid extracted from, the body cavity 
via the tube. A metal piercing needle Is in- 
serted through the tube, the enarptip of the 
needle projecting beyond the tube, lias needle 



with the tubing thereon is then thrust through 
the dan into a blood vessel and both pushed 
forward until they reach the appropriate 
position. The needle is then withdrawn, leav- 
ing the infusion ratVTmiq and attached adapter 
imposition, Hie adapter is dosed with aj5ug, 
When an injection of medicine into, or an 
extraction of Hood from the patient Is desired, 
the plug is removed and the adapter Is con- 
nected to a syringe or suction device. 

In order to prevent the infusion cannula 
tubing from slipping out, the exposed post* 
tun must be affixed to me patient by some 
attaching means* commonly sutures or adhesive 
tapt In this fixed state, the conventional in- 
fusion cannula tubing, being rather rigid, wfll 
cause pain and discomfort should the patient 
move the area of the body in which the tub- 
ing is lodged. This problem is 
acute gfrw e die insertion is usually made 
a left arm, or thigh, thus, greatly restrict- 
ing the movement of that limb. 

According to the present invention there 
is provided a tubular flexible instrument for 
InsGitioQ, into a body cavity comprising a 
sintered polyimaflu<ioethylaie tube com- 
prising solid and porous wan portions, said 
solid and porous portions alternating along 
the length of said tuba 

The Invention will now beparticulady des- 
cribed by way of example with reference to 
die accompanying drawings in which:— 

Figs. 1 to 3 ate dfagnumnmic representa- 
tions of catheter tubing in accordance with the 
invention; 

Figs. 4 to 6 show infusion cannula tubing 
according to the invention; 

Fig. 7 shows a needle used for inserting die 
tube mm the body cavity, and , 

Fig. 8 shows the infusion cannula in post- 
don* 

As shewn, in Fig, J . the PTFE catheter 
tube of the present embodiment is fabricated 
so that the will of the tube ha* solid ring 
portions 10 and porous textured ring portions 
12 which are arranged alternately. Ice lengths 
of the solid nag portions 10 and porous ring 
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portions 12 can be varied according to need. 
For example, in a catheter tube measuring 23 
mm OJX and 1*5 mm ID., solid portion 10 
would be about 5 mm in length and porous 
fibrilkted portion 12 would be about 15 mm 
in length. 

Fig. 2 shows another embodunent of this 
invention* In ibis fmbrtfl fmrnt, 
portions 10 and porous portions 12 alternate 
m a spiral fashion. The width and pitch of 
the spiral can be varied according to the 
requited performance. 

<FSg. k 3 shows a further embodiment of this 
invention in which die top portion 28 (the por- 
tion entering the body cavity first) is porous 
and closed at the end 30. hi this manner, 
gases from the blood or body fluids can be 
collected without the blood or body fluid 
penetrating the fine pores into the interior 
of the tubing* 

In the onbodfanent of the invention shown 
in Fig, 4j the use as an infusion cannula is 
shown. The tip or top 14 of the tube k a 
solid wall portion as & the end 15 which 1$ 
attached to the adapter 18. These portion* 
14 and 15 are rather stiff and faflgggM^ 
Sandwiched between the two solid portions 14 
and 15 is a porous fibrillated portion 16 that is 
flexible. 

To one end of the cannula tubing 13 is 
fitted an adapter 18 to give a complete in* 
fusion The adapter 18 is connected 

to the solid wall portion 15 of the tube 13 
by an attaching means herein shown as a 
ratal fastener 20. 

Figs. 5 and 6 show infusion cannu la tubing 
in which there is a series of solid wall por- 
tions 14 and porous fibrJIkted portions 16 
alternating as rings in Fig, 5 and as a spiral 
in Fig. 6, 

The infusion cannula tubing embodunent of 
die present invention can be used as pre- 
viously described for conventional cannula 
tubing. 

Fig; 8 shows tubing 13 in use. A smooth 
pierang of the skin into the blood vessel 
is achieved due to the rigidity of the solid 
wan portion 14. The middle wall portion 16 
is porous and flexible and, as a result* after 
die tubing 13 is thud in position by attach- 
ing means 22 at portion 15, the tube can 
bend with less path and discomfort to the 
atienr rerunning a greater mobility of limbs. 
Sing, bending at the flexible wall por- 
tion 16, rather than tending to force the 
embedded dp 14 up against die veswl wait 
results in less discomfort and less pain. 

The present invention as embodied in the 
catheter tubing and infusion cannula tubing, 
described above, can provide the following 
advantages: 

1) An appropriate balance of rigidity and 
flexibility is achieved by alternating along 
die length of the tube a solid rigid portion 
and flexible porous portion; 



2) Dimensional stability and/or freedom 
from linking under small bend radius due to 
die presence of the solid portion; 

3) A s a result of the tubing being pure 
PTFE, both the inner and outer surfaces are. to 
e xtremel y smooth. Ihis results in easier 
movement of the tube into, and out of, the 
body vessels and prevents adherence of foreign 
matter to either surface; 

4) The e xcellent heat and chemical resistance 75 
of PTFE permit the use of high tempera- 
tures and/or strong cfafrmfen ls for sterilization; 

5) Efficient extraction of blood or body 
fluid gases can be achieved through die findy 
porous tip 28 of the embodiment of the in- 80 
ventfon shown in Fig. 3; and 

6) Ejection of a liquid medicine, which has 
a low surface tension, can. be achieved by the 
embodiment in Fig. 3. 

The following examples describe methods 85 
of preparing die above described embodiments 
of the present invention. The stretching step 
is preferably done according to the teachings 
of ILS. Patent 3,953*566 herein incorporated 
by re ference. It i% however, anticipated that 90 
stretching rates lower than 10% may be used. 

The fibrillated porous portion refers to a 
ttftrostructnre comprising a series of nodes 
TTttrrco nnected by fibrils. When a porous 
PTFE structure is raised above its crystalline 95 
melt point* unrestrained, it will collapse on 
Itself to form a solid structure. The examples 
below are meant to illustrate but not limit die 
scope of the present invention. 

Example I iqq 

1) Following th e conventional paste extru- 
sion technique, a PTFE fine powder, avail- 
able under the Teflon registered trademark 
from E. t> DuFont de Nemours, Co* Inc. or 

the Fhion registered trademark from Imperial 105 
QieinkaJ Industries, Ltd„ is mixed with a 
liquid lubricant such as white dL The paste 
is preformed and then rate-extruded through 
an mxopriate die into tubing having -the 
desired diameter and wall rhfcfrT^ depend- | io 
tag on. the attended use, such as a blood 
catheter, urethra catheter or infusion cannula 

2) The liquid lubricant may now be re- 
moved by appropriate means such as heat US 
evaporation* This step, though preferable, is 

not essential 

3) The tubing is then, placed on a solid 
metal rod and insulated raternAtentfy along 

its length by wrapping with metal foil with 120 
space therebetween, lite tube on the rod is 
then placed with its ends unrestrained, in an 
electrically heated oven or a molten salt bath 
and raised to a tem perature above the crystal- 
line melt point of PTFE; preferably in the 125 
range of 360°G The tmmsufaed portions will 
become sintered and shrink lengthwise to 
form solid portions. 

4) The metal insulating foil is removed, the 
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whole tube still on the metal rod Is heated 
to around 250°— 260°C and expanded to form 
unsintsred porous portions between sintered 
sottd portions* 
5 5) The resulting tubing is then restrained by 
damping the endson the rod and placed in a 
constant temperntture oven and raised to a 
tg npanttu tt above the crystalline melt point 
of FIFE to produce a catheter tube as shown 
10 feKg.L 

Example II 
The material from step 2 of Example I is 
fipandrd producing a completely porous tube. 
TMs tube is placed on a metal rod and then 

IS wrapped with intermittent metal foils with 
■paces therebetween and heated, unrestrained, 
above the crystalline melt point of PTFE. The 
metal foil is removed, the tubing is then res- 
trained as in Example I and heated again 

20 above the crystalline mell point of PTFE- 
Thb is an alternate method of producing 
the tube shown in Pig. 1. ' 

Example m 
The porous tube from Example II, after 

25 placing on a metal rod, was spirally wrapped 
with a heat conductive tape and the tape raised, 
unrestrained, to a temperature above the 
cryvallrne melt point of PTFEjuovidin^ a 
spirally Entered solid portion. The resulting 

30 tube was restrained and heated above the 
crystalline meli point to produce a tube as 
Aown in Fig, 2 with solid and porous portions 
in a spiral mode. 
In the above r**™^^ the tip portion of 

35 Ac tubes can be rendered porous as described 
and then the open end closed by suturing or 
heat sealing. Also* in order that die position 
tf the catheter in the body can be followed, 
x-ray detectable fillers such as metal powder 

40 or BaSQ« may be incorporated at paste for- 
mation state* 



Example IV 
The rwiriAeA porous tube made according 
to Example II is cut to a length of about 
45 15—16 cm. Hie tube is placed on a metal 
tod, both ends are exposed and the center 
portion is enclosed in an insulator; The tube 
1$ raised^ unrestrained, to above the crystal- 
line melt point erf PTFE» The end portions 
50 shrink back lengthwise to form a solid sintered 
portion, the tnMdl* portion remains porous* 
The center portion insulator is removed and 
the tube agai n raise d above the crystalline 
mdt point of FTFB, this time retrained by 
55 damping at the ends to prevent shrinkage. A 
tube as shown in Fig. 4 is suitable fur use aa 



an infusion cannula tubing, after the attach- 
ment of adapter, b produced. 

Example V 

the porous center portion of tubing made $o 
as xu Example IV is placed on a metal rod and 
wrapped with ring heaters with spaces between 
adjacent heaters. The heaters are ra ised 
above tike crystalline melt point of PTFE» Ac 
tube being unrestrained lengthwise. Thus, the 65 
portions beneath the heaters are smteted and 
rendered solid by shrinkage: The heaters are 
then removed) the tube restrained by damp- 
ing at the ends* and agai n raise d above the 
crystalline melt point of PTFE* A tube, as 70 
shown in Fig* 5, is thereby produced. 

Example VI 
The porous center portion of tuhtag made 
as in Example IV is placed on a metal rod and 
spirally wrapped with a beating tape and the 75 
tape raised to a te mperatu re above the crystal 
lir* melt point of FTFE, the tnbe being un- 
restrained lengthwise; The heater tape is 
removed, the tube restrained as before, and 

y tn, raised above the crystalline melt point 80 
PTFB. A tube, as shown in Fig. 6, is 
thereby produced* 

'While the invention herein ha$ been dis- 
closed, using specific embodiments and 
examples, these are intended to be iHnstrative 85 
only and not limitative^ and fftRfig*^ modifi- 
cations or equivalents can be used by those 
skQled in the art: Such changes within the 
principles of the invention are intended to 
be within the scope of the claims below, 90 

WHAT WE CLAIM IS: — 

1 . A tabular flexible instrument for insertion 
into a body cavity comprising a rfntffrrd 
pt^terrafluoroethyleiie tnbe apprising solid 

and porous wall portions, Sitfd .solid and porous 95 
portions alternating along the length of said 
tube. 

2. A tubular flexible instrument according 
to Qaim 1 in which said solid and porous 
wall portions alternate spirally along the 100 
length of said tube. 

3. A tubular flexible Instrument according 
to Qaim 1 in which a single said porous por- 
tion separates two said solid portions, 

4. A tubular flexible instrument according 105 
to any preceding claim ia which the. micro* 
structure of the or each said porous partial is 

a series of nodes connected by fibrils. 

5. A tubular flexible instrument according 
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to any preceding daim in which the tip 
portion is porous. 

6, A tubular flexible instrument substan- 
tially as herein described with reference to 
any one of the embodiments iftustntted in 
the accompanying drawings. 



MATHISEN, MACARA & CO„ 
Chartered Patent Agents, 
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